. Lung volumes and flow rates in black and white subjects. It has been known for some time that the vital capacity and forced expiratory volume in one second of black subjects are about 12% lower than those of whites of the same age and height. In the present study, total lung capacity and residual volume were also shown to be decreased by about the same percentage. Expiratory flow rates were similarly decreased, but when the difference in lung size was evened out by matching black and white subjects of the same total lung capacity, no significant differences in flow rates were observed.
There have been several reports of different lung volumes between black and white subjects (Gould, 1869; Abramowitz, Leiner, Lewis, and Small, 1965; Densen et al., 1969) . Miller, Ashcroft, Swan, and Beadnell (1970) have made similar comparison between Africans and Indians living in the Caribbean. In this regard, however, ethnic comparisons have in the main been limited to the vital capacity and its various subdivisions. Some years ago Cotes and Malhotra (1965) compared the total lung capacity (TLC) with residual volume (RV) of a group of Indians to a comparable group of Welsh miners. They demonstrated that the Welsh miners had significantly greater lung volumes. Over the past few years Cotes and his colleagues have extended their studies, and two recent papers have appeared which deal in more detail with the ethnic differences in TLC (Edwards, Miller, Hearn, and Cotes, 1972; Cotes et al., 1973) . It is now quite evident that ethnic differences in total lung capacity exist.
That such differences are of more than academic and anthropological interest relates to the recently introduced practice of performing preemployment spirometry in workers who, as a result of their occupation, may be exposed to bronchoconstrictive agents, e.g., cotton dust and isocyanates. If applicants were to be rejected on the usual criteria of abnormality, namely, a reduction of more than two standard deviations from the predicted value, then the fact that the forced expiratory volume in one second (FEVY) and forced vital capacity (FVC) of the black subject are 10-15% lower than those of his white counterpart would mean that more black job applicants would be rejected.
MATERIAL AND METHODS
Between 1969 and 1971, over 9,000 coal miners were examined in the Interagency Study of Coal Workers' Pneumoconiosis. Each participant had posteroanterior and lateral chest radiographs taken. The MRC questionnaire on chronic bronchitis was completed and a detailed occupational history taken. In addition, some simple tests of ventilatory capacity were carried out. After two practice manoeuvres, three forced vital capacities were recorded as flow volume loops and the FVC and FEV1 were taken off the tracing. The highest value for FEV1 and FVC was accepted. Full details of the methods used are available elsewhere (Morgan, Burgess, Lapp, and Seaton, 1971) . The total lung capacity (TLC) was derived by Barnhard's method (Barnhard, Pierce, Joyce, and Bates, 1960) and the residual volume (RV) was calculated by subtracting the FVC from the TLC. This technique has been shown elsewhere to be acceptable (O'Shea et al., 1970) .
From the total population studied, 79 black (of African Negro origin) and 1,401 white coal miners were selected. Selection was based on the total absence of 'respiratory blemish'. Thus any subject with sputum, cough, or shortness of breath was rejected. All subjects with radiographic evidence of pneumoconiosis or other significant lung pathology were also excluded, as were subjects with an (FEV1/FVC)% of 70 or less. Smokers were accepted owing to the difficulty of finding a sufficiently large sample of nonsmoking black miners. The fact that we used such rigid criteria does not imply that we believe the vast majority of the remainder of the participants were not healthy. We were ensuring that our sample was unaffected by environmental factors known to influence lung function.
Three whites for every black were selected for comparison of lung volumes. The two ethnic subgroups were selected at random and matched for age, height, and smoking habits, viz., smokers, nonsmokers, and former smokers. Thus a combined sample of 316 miners was selected, of which 79 were black and 237 white. FEV,, FVC, RV, and TLC measurements of the two subgroups were compared, employing an analysis of variance technique, i.e., a randomized block procedure. The blocked variables were the age, height, and smoking habits of the black miners. Hence, the effects of age, height, altitude, and smoking being equal in both racial groups, differences in lung volumes might well be a consequence of inherent racial characteristics.
In a second part of the study, 66 black miners were matched with 66 white miners from the originally selected 79 blacks and 1,401 whites for the purpose of comparing expiratory flow rates at the same lung volumes. In this instance, the 66 black miners were matched one for one with a white miner on the basis of the following criteria: total lung capacity agreed to within +0 01 litre, the same smoking status, the same age to within ±3 years, and in so far as possible, the same geographic area. The expiratory flow rates that were compared were peak flow, and flows when 50, 75, and 90% of the forced vital capacity (FVC) had been exhaled. Tables I and II indicate that, on the average, the white miner has a higher FEVY, FVC, TLC, and RV than does his black counterpart of the same age and height. This difference is not related to smoking. Although comparable differences between blark and white smokers and nonsmokers were present, no difference in pulmonary function, other than that which could be attributed to random variation, was found between the black and white ex-smokers. This is almost certainly due to the small number of ex-smoking blacks present in the sample, i.e., 11 miners. The above differences were highly significant. Regression equations for FEVI, FVC, TLC, and RV for the black miners, based on age and height, were derived (Table III) of FVC exhaled in the 66 pairs of black and white miners. There were no significant differences in any of these indices between the black and white miners with identical TLCs. As was expected, the black miner averaged nearly two inches taller than his white counterpart when both were matched by total lung capacity.
RESULTS

DISCUSSION
From this study it seems that normal black coal miners have lower lung volumes than normal white coal miners. Similar ethnic differences in various lung volumes have been noted previously (Gould, 1869; Cotes and Malhotra, 1965; Damon, 1966) ; however, most previous studies did not include measurements of total lung capacity and residual volume. In this regard our findings differ from those of Cotes and Malhotra (1965) , who found that although Indians had a slightly smaller FEVY and FVC than did Europeans, the residual volumes of the two groups did not differ. Perhaps The similarity of the regression coefficients in the various prediction equations for FEVY and FVC (Table IV) seem to indicate that within different populations of black normals, the relationship of FEV1 and FVC to age and height is nearly identical. The differences in the constant term of the equation may reflect true differences among the various populations, but they are more likely to reflect differences in the type of spirometer employed.
Several hypotheses have been put forward for the smaller lung volumes observed among black normal subjects. Gould (1869) observed that among black civil war soldiers the vital capacity was reduced as compared to white and American Indians of the same height and chest circumference. However, Damon (1966) Abramowitz et al. (1965) Hospital employees FVC = -3-82+0-051H-0-018 Age Miller et al. (1970) Africans FVC = -2-90+0-044H-0-024 Age This study
Working coal miners FVC = -1 84+0-040H-0-021 Age Miller et al. (1970) Africans the same standing height. The black subject also has lower expiratory flow rates for the same age and height. However, when the difference in lung size was eliminated by matching black and white subjects by total lung capacity (and presumably lung size), no significant differences in expiratory flow rates were observed.
